Background: There is a high prevalence of non-adherence to immunosuppressants in kidney transplant recipients. Although limited health literacy is common in kidney recipients and is linked to adverse outcomes in other medical populations, its effect on medication adherence in kidney transplant recipients remains poorly understood. The objective was to investigate the effect of lower health literacy on immunosuppressant adherence.
Introduction
In the USA there has been a 78% increase in kidney transplantation since 2000 [1] , while in Canada the prevalence has more than doubled since 1994 [2] . In Europe the number of kidney transplants rose by 1.6% annually from 2001 [3] . Kidney transplant recipients must be prepared to follow a complex immunosuppressant regimen to prevent decreased organ functioning, graft rejection and graft loss [4] [5] [6] . In one literature review, non-adherence to medications was associated with 20 and 16% of late acute rejections and graft losses, respectively, although this was considered an underestimate [7] . Nonetheless, the prevalence of non-adherence in this population is high, with some estimates reporting more than one-third of kidney recipients as non-adherent to immunosuppressant medications [4, [7] [8] [9] . Adherence is defined as 'the extent to which . . . [taking medication], corresponds with agreed recommendations from a healthcare provider.' ( [10] , p.4). Although many risk factors for immunosuppressant non-adherence in kidney recipients have been identified (i.e. younger age, social isolation, higher depressive symptomatology, living transplants, longer time posttransplantation, full-time employment, diabetic status) [7, [11] [12] [13] several of these are fixed and not amenable to interventions.
Health literacy is defined as one's ability to access, process and understand health-related information and services in order to make good health decisions [14] . Limited health literacy is a world-wide problem: 60% of Canadians are identified as lacking sufficient health literacy skills [15] , 36% of Americans live with limited health literacy [16] and in Europe an estimated 47% of individuals have poor health literacy [17] . Lower health literacy has been linked to worse disease outcomes in a variety of medical groups (e.g. [18] [19] [20] [21] ). Rates of limited health literacy in kidney disease range from 10 to 40% and have been associated with worse eGFRs in CKD, higher mortality rates in dialysis patients, and higher creatinine levels in transplant recipients and affect whether a patient is listed for or receives a transplant [22] [23] [24] [25] [26] [27] [28] . To our knowledge, the effect of limited health literacy on immunosuppressant medication adherence in kidney recipients has not been reported to date.
The World Health Organization (WHO) specifies that the abilities needed for adequate health literacy include both cognitive and social skills [29] . Although this definition places a focus on an individual's personal abilities, adequate health literacy additionally requires the efforts of the healthcare system, educational systems and society [14, 30] , suggesting that although patients may present with a fixed cognitive set, modifications geared to facilitate interactions with a complex healthcare system may improve aspects of health literacy.
The objective of the present study was to examine the role of health literacy in immunosuppressant medication adherence in adults with successful kidney allograft functioning after controlling for the effect of other identified risk factors using a novel measure of health literacy that is in accordance with the WHO's definition. To extend previous literature and aid in guiding future interventions, we further explored which aspects of health literacy are risk factors for poorer medication adherence in this illness group.
Materials and methods

Study participants
In this observational study, psychosocial questionnaires were administered by trained research assistants to 96 kidney transplant recipients. Participants were outpatients of Vancouver General Hospital (VGH) in B.C., Canada. Data were collected between January 2011 and May 2014. Eligible participants met the following criteria: (i) ≥19 years; (ii) capable of giving informed consent; (iii) no impairments in vision, hearing, or other sensory or motor functions that might interfere with testing; (iv) Englishlanguage fluency and a minimum of sixth-grade education to ensure valid completion of questionnaires; (v) absence of active psychosis, major neurological disease (e.g. dementia) and other current major organ failure; and (vi) minimum 6 months posttransplant with a successful kidney graft and stable kidney functioning (i.e. determined by current eGFR above 14 mL/min/ 1.73 m 2 ).
Participants were recruited through mailed study invitation letters and follow-up phone calls by trained research assistants. Patients who did not call our laboratory following receipt of the study invitation letter were followed up with phone calls until contact was made. Consecutive patients who met inclusionary criteria were invited to participate in the study session at the Cognitive Aging Laboratory in Simon Fraser University (SFU) or at VGH. Study sessions were independently scheduled with participants during the phone calls and involved meeting one-onone with a graduate student research assistant to complete the study instruments. All participants received monetary compensation ($30) for their participation. The study was approved by the ethics boards of SFU and the University of British Columbia.
Measures
Clinical measures. For the purpose of characterizing the study population, all participants completed the Health Questionnaire, a self-report questionnaire querying medical history [31, 32] . Additional information (i.e. medications at the time of study, comorbid conditions and transplant history) was collected from participants' medical records at VGH by trained research assistants ( Table 1 ). The most recent laboratory test results including hemoglobin levels (g/L), creatinine levels (µmol/L) and eGFRs (mL/min/1.73 m 2 ) prior to the study session were also collected.
Study sessions occurred within 1 month of the laboratory results.
Sociodemographic characteristics. Demographic information was collected at the time of the study. Depressive symptomatology was indexed with the total raw score from the Center for Epidemiological Studies Depression Scale (CES-D [33] ), which is a 20-item inventory with responses rated on a 4-point Likerttype scale ranging from 0 (rarely) to 3 (most/all of the time).
Higher scores indicate a greater number of depressive symptoms, with scores higher than 15/60 suggesting clinically significant depression. Responses to the CES-D have been found to have good reliability for persons with kidney disease (Cronbach's α = 0.87) and to be a valid measure of depressive symptoms in this population [34] .
Health literacy measure. We used the Health Literacy Questionnaire (HLQ) [35] , which is a self-report measure assessing the skills needed for adequate health literacy encompassing the WHO's definition [29] . The HLQ was validated on large samples of healthcare professionals, patients, community members and policy makers with robust psychometric analysis conducted including confirmatory structural equation modeling and item difficulty to arrive at the 44-item questionnaire with nine psychometrically distinct factors, each with 4-6 items which have acceptable to high reliability (r = 0.77-0.90) ( Table 2 ). While not validated on the kidney disease population specifically, the HLQ has been validated on a general medical population with conditions represented by patients including heart disease and diabetes. Items are rated based on degree of agreement on a 4-point Likert-type scale (1: strongly disagree to 4: strongly agree) or difficulty on a 5-point Likert-type scale (1: cannot do to 5: very easy), such that higher scores indicate better health literacy. We used the HLQ total score, the factor total scores and the factor mean scores for analysis.
Medication adherence measure. Medication adherence was measured using the Adherence subscale of the Transplant Effects Questionnaire (TxEQ) [36] , which has five distinct and uncorrelated subscales confirmed through factor analysis. The Adherence subscale queries behavioral responses to immunosuppressant medication adherence and comprises five statements rated on a 5-point Likert-type scale (1: strongly agree to 5: strongly disagree) yielding a total score ranging from 5 to 25, with higher scores indicating higher self-reported adherence. Frazier et al. indicated that measurement of non-adherence to medication regimens is improved by treating adherence as a continuous variable, a recommendation fulfilled by the TxEQ [37] . The Adherence subscale total score was used for analyses. The specific items are: 'Sometimes I think I do not need my anti-rejection medicines;'
'Sometimes I forget to take my anti-rejection medicines;' 'I find it difficult to adjust to taking my prescribed anti-rejection drug regime;' 'When I am too busy I may forget my anti-rejection medicines;' and 'Sometimes I do not take my anti-rejection medicines.' As such, the TxEQ provides insight into the reasons for non-adherence, which facilitates development of an action plan for intervention. The TxEQ was validated on kidney recipients [36] . Previous research has found the TxEQ-Adherence subtest to have adequate internal consistency (Cronbach's α = 0.79) and test-retest reliability (r = 0.77) [36] .
Statistical analyses
Prescreening for regression and partial correlational analyses. Based on previous literature demonstrating relationships with either health literacy or adherence [7, [11] [12] [13] [14] [15] , we examined the association between the following variables using Pearson and point biserial correlations: (i) demographic variables: age, gender, education years, employment status (<20 hours/week versus ≥20), ESL, ethnicity (Caucasian versus other) and marital status; (ii) illness variables: depressive symptoms, time since transplantation, donor type (cadaveric versus living) and diabetes (no diabetes versus current/history of diabetes), eGFR, creatinine and hemoglobin levels; (iii) health literacy variables: the total HLQ variable and HLQ factor total scores; and (iv) TxEQ. Analyses were conducted using SPSS 20. Hierarchical multiple linear regression was used to model the association of health literacy (HLQ total score) with medication adherence (TxEQ). The relationship between health literacy and self-reported medication adherence was further examined through partial correlations between each HLQ total factor score and TxEQ. Only variables that were associated with either health literacy or TxEQ at an a priori alpha level of P ≤ 0.05 were controlled for in regression and partial correlational analyses.
Power analysis and variable transformation. A priori power analysis revealed that for an alpha level of 0.05 and a statistical power of 0.80 to control for type I and type II errors, respectively, N of 91 would be sufficient to detect a medium effect size with five predictors in the regression model [38] . Transformations were applied to the CES-D (square root transformation; positively skewed) and the TxEQ (reflection and square root transformation; negatively skewed) to meet the criterion of distributional normality required for regression analyses. Results of the correlational and regression analyses are presented using transformed variables.
Results
Study population
Demographic and clinical characteristics of the study sample are shown in Table 1 . One-hundred and fifty transplant recipients were contacted for recruitment. Ninety-six met inclusion criteria and participated in the study. Twenty-two declined to participate and 32 did not meet inclusion criteria. Recruitment success rate was ∼64%. This recruitment rate and demographic profile is consistent with that of previous studies assessing various outcomes of kidney transplantation in our lab [31, 32] .
Performance on questionnaires. The mean score on the CES-D was 8.58 (SD = 6.95) and 16.7% of participants were classified as having clinically significant symptoms of depression (scores ≥ 16). The mean total HLQ score was 157.69 (SD = 1.60, range = 112-197). Performance on the individual HLQ domains was compared individually for scales 1 through 5 and scales 6 through 9. See Figures 1 and 2 for a profile of strengths and weaknesses across health literacy factors for our sample. On the TxEQ the total score ranged from 13 to 25 (M = 20.89, SD = 3.77), and 74 individuals (75%) achieved a score indicating less than 'perfect' self-reported adherence (score <25; <100%). The internal consistency for our sample was adequate (coefficient α = 0.79).
Regression and partial correlational analyses: prescreening and results
Younger age (r = −0.22, P < 0.05), male gender (r = −0.34, P < 0.001), higher levels of employment (r = 0.20, P < 0.05) and lower total HLQ levels (r = −0.35, P < 0.001) were each significantly associated with poorer self-reported medication adherence. A higher level of depressive symptoms (r = −0.44, P < 0.001) was significantly associated with poorer performance on the HLQ and all individual factors of the HLQ. Having a spouse (r = 0.28, P < 0.01) was significantly associated with higher general social support on the HLQ. Further, being Caucasian (r = −0.22, P < 0.05) and having lower creatinine levels (r = −0.22, P < 0.05) were each significantly associated with a better ability to critically appraise information on the HLQ. Having English as a first language (r = 0.30, P < 0.01) and a higher eGFR (r = 0.22, P < 0.05) were each associated with a better ability to read and understand health information on the HLQ. None of the transplant history factors were associated with adherence. After accounting for age, gender, employment status and depressive symptoms, decreased total health literacy was associated with decreased medication adherence (ΔR 2 = 0.08, P = 0.004; Table 3 ).
The overall model explained 19% of the variance in adherence (95% CI 0.03-0.31, P = 0.002). Both male gender (β = −0.27, P < 0.01) and lower health literacy (β = −0.31, P < 0.01) were significantly associated with poorer medication adherence in our regression model. range on the Likert-type scale).
Six out of the nine factors emerged as [39] significantly correlated with self-reported medication adherence (Table 4) . In each case, lower scores on these factors were related to poorer medication adherence.
Discussion
We extended previous research by: (i) demonstrating that lower levels of health literacy are linked to poorer medication adherence in adult kidney transplant recipients with successful graft functioning and (ii) identifying specific factors of health literacy that are potential risk factors for poorer medication adherence. Our findings are consistent with that from a recent meta-analysis, which found a significant and positive relationship between health literacy and adherence with a 14% increased risk of non-adherence in those with lower health literacy [39] . Non-adherence rates were 1.33 times greater in those with limited health literacy [39] . A unique aspect of this study is the demonstration of this relationship with the HLQ, which is a contemporary tool compared to those used in previous studies (e.g. TOFHLA, REALM and NVS; [40, 41] ). While assessing literacy within a health context, these older measures do not directly address the role of system-level factors in influencing health literacy, nor do they address the social skills embodied within the WHO's contemporary definition [29] . Rather, they focus on select cognitive abilities (i.e. fluency, numeracy) that contribute to health literacy. As such, although these older measures provide a proxy for how patients may interact with medical text and have demonstrated associations with medical outcomes [18-21, 23-27, 42], they do not comprehensively capture the current Fig. 2 . Mean degree of difficulty (68% confidence interval) to various tasks comprising four of the health literacy scales (scales 6-9). Scale responses range from 1 (cannot do) to 5 (very easy). Transplant recipients reported high levels of ease for their ability to actively engage with healthcare providers, navigate the healthcare system, find good health information, and read and understand that information (mean scores are all above 4 indicating that they are within the 'Easy' range on the Likert-type scale). 
conceptualization of health literacy. Further, potential for interventions is limited because performance on each of these measures can only provide an indication of an individual's reading level [30, 43] . From a clinical perspective, Ferguson indicates that when evaluating the practical significance of effect sizes, the gravity of the outcome in question as well as the quality of the measurement should be considered [44] . In this case, non-adherence and its associated complications of morbidity and potential mortality [4] [5] [6] suggest that the medium effect size observed in the current study is highly significant from a practical perspective. In addition, we used well-validated self-report instruments of health literacy [35] and adherence [36] , further adding to the practical significance (i.e. observability in real life) of our findings.
We took into consideration a number of other risk factors that have demonstrated associations with non-adherence and, consistent with past literature [7, 45] , found male gender to be associated with lower self-reported immunosuppressant adherence. It is possible that certain personality traits that females tend to endorse more frequently (i.e. conscientiousness) [46] motivate better adherence to medication instructions. As such, the association between gender, personality and adherence warrants further exploration. As our model does not account for all of the variance in adherence, future research should examine the potential contribution of other variables (e.g. cognitive difficulties, personality, self-efficacy).
Practical implications
We were able to identify specific factors of health literacy that demonstrated significant relationships with medication adherence. Out of the nine factors measured by the HLQ, six emerged as important risk factors of medication non-adherence in kidney transplantation. Denhaerynck et al. [7, 45] outline a bias in past literature that examines non-adherence at a patient-specific level and assert that healthcare system predictors are seldom examined, thus limiting the potential for interventions to be targeted beyond the individual. The current findings suggest that health literacy is a potentially modifiable risk factor that can be targeted at both an individual ( patient-specific) and organizational (healthcare system) level [35] . Thus, educating healthcare providers in understanding the multifaceted nature of health literacy and in detecting indicators of low health literacy (beyond poor reading ability) may lead to improved outcomes for kidney recipients. Further, the current findings suggest that interventions should target the health literacy domains with the strongest associations with adherence, specifically: (i) accessing and bolstering social support for living with a kidney transplant and (ii) ensuring patients are equipped with sufficient information to manage their health.
Limitations
These results should be considered in light of certain limitations. First, our sample was on average 9 years post-transplantation. While it may be argued that these patients have demonstrated the ability to adhere to transplant requirements given their surviving grafts, we note our sample's reasonable representation of those more recently transplanted and the high prevalence of self-reported non-adherence. The reader is reminded of the risks associated with non-adherence [7, 8] and that non-adherence rates increase with time post-transplantation [47, 48] . Given the study's use of self-report measures, problems with positive impression management may have led to an overestimate of the level of health literacy and adherence. Other means are not without their limitations-for example, when scheduled, participants can easily adjust their pill count to appear more adherent and pharmacy refill records assume that patients refilling in a timely manner are adherent. Electronic monitoring is often undesired by participants due to the bulky nature of bottles and therefore susceptible to 'pocket dosing' or technology failure [49] . It is interesting to note that research has demonstrated a higher prevalence of non-adherence as detected through self-report measures in comparison to other means, including electronically monitored levels [7, 9] , suggesting that underreporting of nonadherence can be reduced via confidential reporting as used in the current study. Given their ease of administration, costeffectiveness and sensitivity, self-report measures remain a popular choice for many researchers [7-9, 12, 50] . Having demonstrated the relationship between medication adherence and health literacy, the next step will be to include objective measures of medication adherence to be able to examine health literacy levels across different degrees of non-adherence.
Summary
Our study identified a previously neglected risk factor of medication non-adherence in adult kidney transplant recipients through the use of a comprehensive and contemporary measure of health literacy. Findings that lower health literacy is associated with poorer immunosuppressant adherence suggest that it will be important to consider a recipient's level of health literacy in future research and clinical contexts. These findings additionally highlight the potential role of six HLQ factors in facilitating adherence post-transplantation and can help guide future interventions for immunosuppressant adherence. 
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